A range of substrates linked to 4-methylumbelliferone (4-methyl-7-hydroxy-coumarin) are commercially available for detecting and assaying group-specific hydrolase enzymes. After enzymic hydrolysis the free 4-methylumbelliferone fluoresces intensly in alkaline solution with a corresponding absorption of ultraviolet light at 362 nm (Leaback, 1975 The bacteria were harvested from Lowenstein Jensen medium and suspended in distilled water at a concentration of 20 mg wet weight/mi. Clumps of bacteria were dispersed by agitation on a vortex mixer. In preliminary studies the bacteria were washed, but this was found to be unnecessary and was subsequently omitted.
Enzymic activities in many bacteria can be rapidly and accurately estimated. Unfortunately this is not the case in the genus Mycobacterium, in which even the so-called rapid growers have a relatively low metabolic rate. Enzymes may be studied in detail by extracting the required enzyme from a large mass of disrupted organisms (Diaz and Wayne, 1974) , but tests requiring small quantitites of whole bacteria are preferable for routine identification and taxonomic studies. For this, very sensitive systems for detecting enzyme activity are needed.
A range of substrates linked to 4-methylumbelliferone (4-methyl-7-hydroxy-coumarin) are commercially available for detecting and assaying group-specific hydrolase enzymes. After enzymic hydrolysis the free 4-methylumbelliferone fluoresces intensly in alkaline solution with a corresponding absorption of ultraviolet light at 362 nm (Leaback, 1975) . Grange and Clark (1977) found 4-methylumbelliferone-linked substrates suitable for spectrophotometric estimations of mycobacterial glucosidase and arylsulphatase. I investigated the possibility of using 4-methylumbelliferone-linked substrates to study the presence, quantity, and properties of a range of mycobacterial acid groupspecific hydrolases, including glycosidases, hexosaminidases, acid phosphatases and acyl esterases. 
4-MU-/3-D-glucuronide, 4-MU-phosphate, 4-MU-2-acetamido-2-deoxy-fl-D-glucopyranoside, and 4-MU-2-acetamido-2-deoxy-/3-D-galactopyranoside. The last two substrates were for estimating N-acetyl glucosaminidase and N-acetyl galactosaminidase respectively. The acyl esters of fatty acids were 4-MU acetate, 4-MU propionate, 4-MU butyrate, 4-MU heptanoate, 4-MU nonanoate, 4-MU oleate, 4-MU elaidate, and 4-MU palmitate.
The bacteria were harvested from Lowenstein Jensen medium and suspended in distilled water at a concentration of 20 mg wet weight/mi. Clumps of bacteria were dispersed by agitation on a vortex mixer. In preliminary studies the bacteria were washed, but this was found to be unnecessary and was subsequently omitted.
The substrates were dissolved in dimethyl sulfoxide (grade 1, Sigma Biochemicals Ltd) to give 0 04-M stock solutions except for the oleate, elaidate, and palmitate esters, which, owing to solubility, were prepared as 0-02-M solutions. The stock solutions were stored at -20'C. Immediately before use 0-2 ml phosphatase, glycosidase, and hexosaminidase substrates were added to 0-8 ml of buffer at the required pH; 0-2 ml of acyl esterase substrates were added to 9-8 ml of buffer. 378 All enzyme activities, with the exception of acid phosphatase, were estimated in phosphate buffer prepared by mixing 0-2-M solutions of KH2PO4 and Na2HPO4 to obtain pH values of 4 5, 5-0, 5 5, 6-0, 6-5, 7 0, 7 5, 8-0, and 8-5. Phosphatase activity was estimated in citrate buffer prepared by mixing 0-2 M solutions of citric acid and trisodium citrate to obtain pH values from 3-5 to 70.
Sodium glycinate buffer was prepared by adding 1P0 N NaOH to a 0*2-M solution of glycine to give a pH of 10-5.
ESTIMATION OF ENZYME ACTIVITY For estimating glycosidase, hexosaminidase, and phosphatase activity the reaction mixtures contained 0-1 ml bacterial suspension, 0-1 ml buffered substrate, and 0-8 ml buffer. The reaction mixtures, contained in 15 x 50 mm screwcap bottles, were incubated in a water bath at 370C. After incubation the reactions were stopped and the fluorescence developed by adding 1-0 ml sodium glycinate buffer. The reaction mixture estimating acyl esterases contained 0-1 ml bacterial suspension, 0-9 ml buffer, and 1-0 ml buffered substrate. Preliminary studies showed that the optimun pH for this group of enzymes was 8-0 to 8 5 but at this pH the blank value was unacceptably high owing to spontaneous hydrolysis of the substrate. Therefore all reactions were conducted at pH 7-5 and the fluorescence was estimated without modifying the pH.
Fluorescence was measured in 10-mm quartz cuvettes in a Baird Atomic SF 100E spectrofluorimeter at an excitation wavelength of 362 nm and an emission wavelength of 450 nm. The reaction mixtures were maintained at 37°C until the fluorescence was measured, as intensity of fluorescence is temperature-dependent.
The blank tubes contained 0-1 ml distilled water in place of bacteria and the constancy of the light source was checked by means of standard solutions of 4-methylumbelliferone in sodium glycinate buffer.
Phosphatase activity was estimated after three hours' incubation. Glycosidase and hexosaminidase activities were estimated after 18 hours' incubation.
As the fluorescence produced by acyl esterase was measured without altering the pH of the reaction mixture these enzyme activities were estimated at intervals throughout the reaction.
Results

GLYCOSIDASE ACTIVITY
All strains had ,B-D-glucosidase activity with optimum pH of 6-5. a-D-Mannosidase was detectable in M. chelonei, M. fortuitum, and M. smegmatis. The activity of this enzyme was maximum at pH 7 0 with an additional smaller peak of activity at pH 6-0 (Fig. 1) ,B-D-glucuronidase activity was detectable in all strains. This enzyme was more pH dependent than the others (Fig. 1) . All strains except M. chelonei showed a peak of /-D-glucuronidase activity at pH 5-5 but very little activity at pH 4 5. M. chelonei showed marked activity at pH 4-5. In an additional study using 0-2-M citrate buffer nine strains of M. chelonei all showed an optimum pH of 4-5 or 5 0 for this enzyme.
HEXOSAMINIDASE ACTIVITY
The activities of N-acetyl glucosaminidase and N-acetyl galactosaminidase were very similar in distribution to the glucosidase and galactosidase activities respectively. The former enzmye was present in all strains with an optimum pH of 5 5 except for BCG, in which the optimum pH was 60. The latter enzyme was detected only in M. chelonei, with an optimum pH of 6 5.
ACID PHOSPHATASE ACTIVITY
This enzyme varied considerably in activity and pH dependence from strain to strain. M. chelonei, M. fortuitum, M. marinum, M. kansasii, and BCG showed a relatively high level of activity. M. duvalii showed a low level of activity and M. smegmatis occupied an intermediate position (Fig. 2) .
M. chelonei, M. smegmatis, and BCG showed a single peak of activity at pH 5 5 and M. fortuitum (Tsukamura, 1974; Tacquet et al., 1966) and heat-)f 7 5. Phosphate stable acid phosphatase (Saito et ai., 1968) . Sensitive i A, Oxoid) was fluorimetric techniques not only enable enzyme ry.
activity to be detected but also the physico-chemical ster depended on properties such as heat stability and pH dependence nt. Thus reaction to be accurately measured even in small quantities entration of M. of slowly growing strains. Taxonomically it is much g/ml had reaction more logical to compare and contrast properties of utes respectively. enzymes which reflect their molecular structure d closely with than merely to screen strains for the presence of a liquid Sauton given metabolic property. The former approach may ery little ( < 2 %) also give clues to the evolutionary pathways within a table in culture genus, as is the case with immunodiffusion analysis ng the stationary of soluble mycobacterial antigens (Stanford, 1973 Detection of acyl esterase activity was in itself of no taxonomic value. On the other hand, assay of these enzymes, which appear to be constitutive, may be of value in determining bacterial viability and growth under a range of cultural conditions. The use of fluorogenic substrates for studying enzyme function is becoming more popular among biochemists and an increasing number of substrates are becoming commercially available. It should therefore be possible to develop a unified and technically easy set of tests for use in taxonomic studies and, subsequently, routine identification of mycobacteria and related genera-especially the very slowly growing strains in which biochemical properties are very difficult to elicit by other techniques. 
